graphy rather than scanning, while in the strokes group, brainstem ischemia is an unpromising field for the scan.
Unforeseen Changes ofPatient Management Very often the scan confirms an expected diagnosis or helps to exclude an unlikely possibility. From time to time, however, its value is underlined by totally unexpected findings which radically change the management of the patient's further investigation. One such was a patient who presented with clinical signs suggesting a left-sided tumour, but who proved to have a right-sided meningioma. The false lateralization was revealed by the positive scan at an early stage. There were some other cases, too, in which the scan prevented radical (and expensive) mistakes. The ability of the scan to give, sometimes, a clear answer without hazard places it in a special category among neuroradiological investigations from this point of view.
In summary, we would draw attention to the 25 % of inappropriate scans, costing at the moment a mere £1700 a year; but threatening, should the total number of scans increase, to cost us a room with very serious consequences. Most of the inappropriate scans were obviously so. The ordering physician can have hoped for very little from them. From an economical point of view the plain X-ray is not a fair comparison since a scan costs between five and twelve times as much. We would like the referring physician to bear in mind the implication of these facts. In one group, the perisellar, orbital and retroorbital tumour suspects, scans stand out as predominantly useless, if not actually misleading. The other groups contained a small minority of inappropriate scans but, on the whole, the scans were extraordinarily useful.
Radionuclide Cisternography in Adult Hydrocephalus
This paper summarizes the currently known correlations between cisternographic interpretations and clinical results in adult hydrocephalus. Other aspects of hydrocephalus in relation to cisternography can be found in the proceedings of a recent conference .
Obstructive Communicating Hydrocephalus
Since Hakim & Adams (1965) described the syndrome of normal pressure hydrocephalus (NPH) and he and his colleagues began appreciating its incidence, there has been an enthusiastic effort to apply more effective diagnosis and treatment to this curable disease. Both Hakim (1972) and Ommaya et al. (1972) have recently described the pathogenesis of NPH. Some precipitating event, usually hemorrhage, infection or tumour, blocks the CSF pathways. Continued CSF formation causes increased CSF pressure. As the CSF volume increases under pressure the vascular volume decreases because it is part of an 'open' system. Since the venous pressure is low, only a small elevation in CSF pressure is necessary to accomplish this adjustment in volume. If equilibrium is re-established before brain hypoxia develops, compensated hydrocephalus exists without appreciable symptoms. Compensation is common in children with open fontanelles because the cranial vault can expand relieving intracranial pressure and preserving brain substance. In adults compensation may be less common although the reversible hydrocephalus which follows intracranial surgery or haemorrhage may be an example. If ventricular expansion continues, hypoxia develops, resorption of brain substance occurs and the characteristic progression of symptoms develops. Eventually subependymal gliosis and parenchymal degeneration occur with irreversible changes.
The cisternographic findings in obstructive communicating hydrocephalus are principally ventricular reflux and delayed clearance of intracranial activity (Staab et al. 1972 , Glasauer et al. 1968 , Tator et al. 1968 , Bannister et al. 1967 , Lin et al. 1968 , Patten & Benson 1967 . The radiopharmaceutical injected into the lumbar intrathecal space ascends to the cisterna magna and enters the ventricles usually within the first two hours. If the injection has been made into the cisterna magna, ventricular reflux occurs within minutes. Ventricular reflux represents a reversal HOURS:
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Fig 1 Cisternal block with reflux of'31I-HSA into massively enlarged ventricles. CSF clearance is markedly delayed of the normal CSF flow pattern. The blocked CSF pathways cause increased CSF reabsorption across the dilated ventricular ependyma and probably across the arachnoid membrane as well. The block can occur anywhere within the cerebral subarachnoid space which accounts for the varying cisternographic patterns described in this disease. A block in the basal cisterns or incisura causes a ventricular pattern (Fig 1) with delayed clearance from the ventricles and absent activity over the convexities. Obstruction at this level greatly reduces the reabsorptive area for choroid plexus produced CSF. It results in massively enlarged ventricles, easily detected by cisternography, pneumoencephalography and arteriography. This pattern is most often associated with clinical improvement following diversionary shunting (Staab et al. 1972 ). Tator & Murray (1971 , 1972 and Heinz & Davis (1972) each reported 3 of 3 improved, Bannister et al. (1967) reported 5 of 5 improved and Fleming et al. (1972) found 17 of 19 (87%) improved. These results are very encouraging indeed. If the mechanical block is higher over the convexity, a 'combination' pattern is seen in which there is ventricular reflux and variable flow over the cerebral convexities (Fig 2) . In these cases the extent of the block is more difficult to judge. If the severity of hydrocephalus depends upon the degree of impairment to CSF reabsorption and in turn correlates with improvement with shunting, then this block should be better defined. To measure reabsorption defect, Katzman & Hussey (1970) developed a constant-infusion manometric test for CSF absorption which appears useful but is difficult to perform routinely. Several investigators have recently applied quantitative cisternographic methods to analyse ventricular CSF clearance and have found the wide variations expected in communicating hydrocephalus (Curl et al. 1972 , Sanders et al. 1972 , DeBlanc et al. 1972 ). None of these methods have been correlated with surgical results, but CSF clearance measurement seems the best direction for future diagnostic tests to take. In the same studies cited earlier, Staab et al. (1972) found that 9 of 18 patients with the combined pattern of ventricular reflux and convexity flow improved. Tator & Murray (1972) found 2 of 5 improved and Fleming et al. (1972) found 3 of 3 improved although one of the latter had aqueductal stenosis.
The reasons for failure to improve with shunting have often been listed, among them malfunctioning shunt, coexisting pathology, misdiagnosis with irrelevant shunt, premature death, or irreversible cerebral damage from longstanding hydrocephalus. Considering the great success of patients shunted with complete convexity blocks, the first four apparently are not common reasons for shunt failure since these problems would seem to be about equally likely for both groups. It seems most likely that irreversible damage secondary to the hydrocephalus itself is responsible for failure to improve with shunting. Recently Samuelson et al. (1972) have reported a 20% incidence of subdural hxematomas in shunted patients and our own similar experience suggests the intrusion of technical problems which further complicate the estimation ofpatient improvement. The duration of symptoms and clinical course should be important in predicting surgical results. Bannister et al. (1967) found a strong relation between duration of symptoms and surgical results. Staab et al. (1972) , on the other hand, found little correlation; 6 of their 44 patients operated on improved after more than two years of symptoms. They do not indicate the cisternographic pattern in those patients. From the above discussion we would have to postulate the best surgical results in patients with severe CSF reabsorption defects of short duration and mild reabsorption defects in longstanding disease in which the cerebral cortex would be best preserved. The best estimate of reabsorption defect at this time remains radionuclide clearance studies. For those called upon to interpret cisternograms as much attention should be focused on the time course of clearance as on the pattern of distribution (Curl et al. 1972 , Sanders et al. 1972 , DeBlanc etal. 1972 ).
Nonobstructive Communicating Hydrocephalus
Of patients who present clinically with dementia with or without long tract signs, the principal differentiation to be made is between nonobstructivecommunicating hydrocephalus (hydrocephalus ex vacuo) and obstructive communicating hydrocephalus. Cisternography should be the first examination employed. The characteristic pattern is a slow ascent of radioactivity over the cerebral convexities, slow subarachnoid clearance and no ventricular reflux (Fig 3) . Pneumoencephalography (PEG) should always be performed, unless specifically contraindicated. The usual PEG findings are enlarged lateral third and occasionally fourth ventricles (Katzman & Hussey 1970) . The corpus callosal angle is obtuse, on the anteroposterior brow-up film. Air over the convexities often shows dilated sulci. This PEG pattern is quite distinct from that seen in obstructive communicating hydrocephalus in which the corpus callosal angle is narrowed (less than 1200), the frontal horns are dilated and there is little or no air over the convexities. Very often these two tests are sufficient to distinguish these two entities.
In the series of Staab et al. degenerative disease was not positively identified. However, none of 5 patients who were operated with cisternographic patterns without ventricular reflux improved. In Heinz & Davis's series 125 patients had normal cisternograms; 5 were shunted and none improved. In Fleming's series, only patients with aqueductal stenosis and normal cisternographic patterns improved. Where air does not pass over the convexities but the cisternogram shows no ventricular reflux little improvement can be expected from shunting since the CSF pathways are unobstructed.
Noncommunicating Hydrocephalus This condition is less common than other forms of adult hydrocephalus. Yet its association with posterior fossa and third ventricular cysts and tumours demands a complete work-up in patients with hydrocephalic dementia. Aqueductal stenosis and subependymal gliosis are seen occasionally in adults also. The cisternographic pattern may be entirely normal depending upon the degree of obstruction and compression of the cortex against the cranial vault. Ventricular reflux does not occur because of the obstruction. For it is important to obtain a PEG in patients with dementia and normal cisternographic pattern. A more common pattern is a block at the level of the basal cistern or incisural block (Fig 4) . These patients, of course, must be shunted, and respond well.
Cisternography is an important diagnostic test in the diagnosis and follow up of hydrocephalus. More than any other test in common clinical usage it reflects the alteration of CSF dynamics which is responsible for the disease. Most neuroradiological departments started brain scanning with a Picker Magnascanner, but many of these are now due for replacement. Since they have been in use the number of brain scans performed per year has increased fairly rapidly and whilst we performed 276 three-view scans from April to September in 1969, in the six months ending in March 1972 we did 541 four-view examinations, an increase of work of approximately 170 % in three years. Rogers (1972) states that the national average work load of a single-headed scanner is 700 cases per year, or 3-4 patients per day. A doubleheaded scanner will do more, and 6-12 examinations per day can be done on a gamma camera. The camera is faster because it has a much larger crystal than the scanner and can photograph the entire brain without having to move, whereas the scanner, with its focusing collimator, detects only the radiation arising from one point, and moves across the patient in a series of parallel lines measuring the radioactivity at each point.
The problems our department had to resolve were what our requirements would be over the next seven years and which apparatus would satisfy these requirements. The ideal apparatus must perform examinations quickly, so that we can do more cases. It will need to examine ill patients easily, fit in emergency cases and perform additional views without disrupting the day's work. It must give us better resolution of the lesions, and if dynamic and sequential studies can be performed on it we may learn whether the lesion is vascular or neoplastic, and even be given a clue to the underlying histology. We hope we will be able to perform additional views such as vertex views easily, and we expect the apparatus to be readily adaptable for computerization and tomography, if we want these facilities and can afford them. Naturally the apparatus must be reliable and we hope it will not be too costly.
Between 1965 and 1968 cameras and scanners were thought to be of equal accuracy in the detection of brain lesions. McCready (1969) thought the scanner better for the posterior fossa, and Morczek et al. (1969) also favoured a scanner. In 1970 two large series were published, Van Eck & Penning recommending a scanner and Pedersen & Haase concluding that a gamma camera was best. Burrows (1973) evaluated a Nuclear Chicago Pho-Gamma III camera against a Picker V Magnascanner and thought the camera gave the best results.
